Abstract. Objective: To explore the relationship between demographic factors and seasonal changes in mood and behaviour. Method: A health survey was conducted among 40-45 year old inhabitants in Hordaland County, Norway. The Global Seasonality Score, investigating seasonal symptoms, was given to 4299 men and 9983 women. Response rates among those receiving the questionnaire were 79.8% for men (n=3432) and 81.2% for women (n=8223). Results: High seasonality was reported by 18.4% of men and 22.2% of women. Female gender, low educational level, high level of affective symptomatology and low household income correlated with high seasonality. Among men, being single was also a determinant factor for high seasonality. Reported seasonality also depended on which month the questionnaire was filled in. Conclusions: In this study, high seasonality was most prevalent among females, being single, having a low annual income and a low education level. The latter two findings are different from expectations which could be drawn from previous studies suggesting an opposite association.
Introduction
Seasonal variations in disease frequency were described already 4700 years ago by Wong Tai and later by Hippocrates [1] . More recently, the interest in these matters arose as Rosenthal and co-workers in 1984 described a disorder named seasonal affective disorder (SAD) [2] . They described a group of 29 patients experiencing an atypical depression during winter, characterized by hypersomnia, overeating and carbohydrate craving. The symptoms were relieved as the subjects were exposed to artificial bright light (2500 lux) for three hours before dawn and three hours after dusk every day [2] . Kasper et al. (1989a) subsequently described a milder form of SAD also alleviated by bright light therapy, termed subsyndromal SAD (s-SAD) [3] . Most of the subjects (93%) in the initial study met diagnostic criteria for a bipolar disorder (mostly bipolar II) and experienced hypomanic or manic episodes during summer [2] . However, a later study from Norway reports a much lower prevalence of bipolar disorders (11%) among SAD-patients [4] .
Seasonal changes in mood and behaviour are not constrained to SAD patients, but appear to be an ordinary phenomenon experienced across the healthy population [3, [5] [6] [7] . In the study by Kasper et al. (1989b) , 92 % of the study population experienced some degree of seasonality. Between a quarter and a third of subjects report that changes with the seasons are a problem, which is a central diagnostic criterion for SAD [3, 5, 8, 9] .
When looking at sociodemographic aspects, women tend to be more affected by seasonal changes, with odds-ratios fluctuating between 1.5 and 4.0 [3, 7, 10] . Peak prevalence of seasonal affective disorder seems to appear in the early adult years [7, 11] . In contrast, some studies do not report any significant difference related to age [7, 9] or sex [7] .
As opposed to non-seasonal depression, SAD is reported to be more prevalent among subjects with a higher level of education and household income. Saarija¨rvi et al. (1999) conducted a study in northern Finland, where they compared seasonality between groups of subjects with different levels of education [10] . They reported higher overall seasonality in subjects with vocational education, college degree and university degree than in subjects with a lower education level, with cumulative odds-ratios of 1.4, 1.4 and 2.0, respectively. Eagles et al. (2002) investigated prevalence of SAD in seven groups with different levels of social deprivation in Scotland. They did not find any significant differences between the groups, but a tendency towards higher prevalence among more affluent subjects [11] . According to a national survey in the USA, people with an annual household income equal to or above 70,000 dollars have a 3.7-fold increased risk of satisfying DSM-IIIR-criteria for SAD than those in families earning less [12] . In contrast, Mersch et al. (1999) did not detect any relationship between educational level and SAD prevalence in the Netherlands [7] , and Palinkas et al. (1995) found no correlation between neither educational level nor annual income and depressive symptoms in subjects spending a winter in Antarctica [13] . Studies have generally reported less psychological distress among married than single or divorced subjects [14] . Some studies indicate a lower prevalence of SAD and seasonality among married subjects [7, 11] . In northern Finland, no relationship was found between seasonality and marital status [10] .
Aims of the study
Based on a large population-based cross-sectional study in the Western part of Norway, we wanted to investigate the (1) General seasonality patterns, (2) Relationships between seasonality, affective symptomatology and demographic factors (sex, education, annual income, marital status and urban/rural living), and (3) Influence by the month of questionnaire completion. To our knowledge, this study is the largest investigation of seasonality to be reported.
Material and methods

Procedure
The Hordaland Health Study '97-'99 (HUSK) was conducted during 1997-1999 as a collaboration between the National Health Screening Service, the University of Bergen and local health services. The main objectives of this survey were to (1) identify potential health risk factors which may be modified to prevent disease, and (2) study epidemiologic tendencies of diseases in the population, in order to better prepare the country for future health-care needs. Invitation letters were sent to all men (n=15051) and women (n=14349) aged 40-44 years in Hordaland county, situated 60 degrees north of equator. Totally 8598 men (57% attendance rate) and 9983 women (70% attendance rate) met at the screening station. A base questionnaire was filled in by all participants, including questions concerning marital status, occupation, household income, education and various health behaviours. For both men and women, one of two different questionnaires was subsequently randomly administrated. For women, both questionnaires contained the GSS questions, whereas for men, GSS was included only in one of the questionnaires, due to logistic limitations. In other words, half of the men (randomly picked) and all women were offered the GSS questionnaire. Totally 3432 men and 8113 women completed the questionnaire, yielding response rates of 79.8% for men and 81.2% for women (out of all subjects receiving the questionnaire). The study protocol was approved by both the Regional Ethics Committee and the Norwegian Data Inspectorate.
Global seasonality score (GSS) questionnaire
The Global Seasonality Score (GSS) was employed as a measure of seasonality. The global seasonality score is the central feature of the Seasonal Pattern Assessment Questionnaire (SPAQ), introduced as a diagnostic or screening instrument for SAD by Kasper and colleagues [3] . The use of SPAQ in population surveys has been validated in several studies [15, 16] .
The GSS retrospectively evaluates the degree of seasonal changes in mood and behaviour. Six questions on seasonal changes in sleep, mood, weight, energy, social activity and appetite are scaled 0 for no seasonality, 1 for mild, 2 for moderate, 3 for marked and 4 for extremely marked change in seasonality. This yields a total score (GSS) between 0 and 24, a higher score indicating greater degree of seasonal change.
In this study, we used a GSS ‡ 11 as a cut-off point for high seasonality. This decision was based on the SPAQ criteria for SAD suggested by Kasper et al. (1989a) and Hardin et al. (1991) [3, 6] . These authors proposed a GSS value of 11 or more and the experience of seasonal variations as at least a moderate problem to be necessary for the diagnosis of SAD based on SPAQ. We classified a GSS between 8 and 10 as moderate seasonality, based on criteria commonly used for s-SAD [9, 17] .
CONOR Mental Health Index (CONOR-MHI)
We used the CONOR-MHI to measure non-seasonal affective symptomatology among our subjects. This has been used in health surveys in different parts of Norway, and subjects' mental distress is measured by seven single item questions. It asks whether or not subjects during the last two weeks have felt ''nervous and unsettled'', ''troubled by anxiety'', ''secure and calm'', ''irritable'', ''happy and optimistic'', ''sad or depressed'' or ''lonely''. Possible answer categories for each item are ''no'', ''a little'', ''quite a bit'' and ''very''. The agreement between this and other validated instruments has been examined, and the CONOR-MHI appears to be a valuable and valid tool in epidemiological research [17, 18] .
Statistics
Initially, we applied a descriptive analysis to explore the GSS, looking at the frequency distribution among men and women. Furthermore, mean GSS was compared between subjects grouped by gender, annual income, educationlevel,maritalstatusandurban/ruralliving.As we considered the GSS to have a non-parametric distribution, we used the Kruskal-Wallis test for multiple comparisons, and Mann-Whitney U test to test for significant differences between groupings. The percentage of subjects experiencing moderate (GSS 8-10) and high (GSS ‡ 11) seasonality was also compared in the different groups.
In addition, we used univariate and multivariate logistic regression to look at the association between high seasonality (GSS ‡ 11) and the predictor variables: gender, annual income, education, marital status and urban/rural living, and each of the components of the CONOR-MHI. For each of these variables, we estimated odds-ratios directly from their regression coefficients and we used the standard error of the regression coefficients to calculate the 95% confidence intervals. For the CONOR-MHIvariables, we corrected for gender, marital status, education, income, living area and month of completion in the multivariate analysis. We also explored whether the mean reported GSS was related to which month the respondents completed the GSS, and analysed wether the above demographic characteristics varied significantly between different months. SPSS for Windows, version 12.0 was used for all statistical analyses. Table 1 depicts the overall population characteristics. Totally 11472 subjects (70.0% women) completed the GSS questionnaire correctly and were assigned a Global Seasonality Score.
Results
Population characteristics
Seasonality in men and women
The frequency distribution of GSS in men and women is demonstrated in Figure 1 . As shown in Table 2 , mean GSS was significantly higher in women than men in our population, though the difference was small (6.30 vs. 6.45). High seasonality (GSS ‡ 11) was more common in women (22.2%) than men (18.4%), while the prevalence of moderate seasonality (GSS 8-10) was slightly higher for men (18.6%) than women (18.0%). When we conducted a logistic regression analysis in which seasonality (GSS ‡ 11 vs. GSS<11) constituted the criterion variable, female gender was associated with high GSS (Table 3 ). Only 9% of the subjects (men 9.5%; women 8.3%) completing the GSS questionnaire denied any influence of seasons (GSS=0).
Seasonality related to income, education, marital status and urban/rural living Both annual income, level of education and marital status were significantly related to seasonality. The Norwegian monetary unit is Norwegian Crown (NOK), one Euro being approximately equivalent to 8 NOK. Mean GSS was significantly higher among subjects with an annual household income less than 200.000 NOK than subjects with a household income of 200-500.000 NOK or more than 500.000 NOK. The proportions of subjects experiencing high seasonality increased with decreasing household income ( Table 2) . Income was a significant determinant of high seasonality according to logistic regression analysis, significantly fewer in the above 500.000 NOK-group experienced high seasonality compared to subjects in the below 200.000 NOK-group. For women, similar findings emerged contrasting 200-500.00 NOK with the below 200.000 NOK-group (Table 3) . Subjects with a college/university degree reported a significantly lower mean GSS value compared with subjects having completed high school and subjects with a lower education level (Table 2 ). There was no significant difference between the two latter groups. High seasonality was most common among persons with a low educational level. Women with a college/university degree reported less seasonality (GSS ‡ (11) than women with less than a high school degree, and we found a tendency in the same direction for men (Table 3) . A significantly lower mean GSS was found among married or cohabiting subjects than single subjects (Table 2) . Regression analysis yielded a significant difference for men only, while only a tendency in the same direction was found for women (Table 3) . GSS among subjects living in rural areas were found be significantly higher than among subjects living in urban areas (Table 2) . However, urban/rural living was not found to be an independent determinant of high seasonality according to logistic regression in either gender (Table 3) .
Seasonality related to month of assessment Figure 2 shows the relationship between the GSS and the month in which the questionnaire was filled in.
There is a variation during the year with a peak in mean GSS in February for women (7.19 The effect of being a woman on high seasonality changed significantly throughout the year, being highest in August (OR 2.5, 95% CI 0.9-6.9), and lowest in May (OR 0.9, 95% CI 0.7-1.2). Table 4 shows the results of logistic regression analysis looking at correlations between seasonality and affective symptomatology. For each item of the CONOR-MHI, all four possible answer categories are presented. In the univariate analysis, a greater level of mental distress correlated with high seasonality (Table 4) , reflected in that all the five negative items (''nervous and unsettled''; ''troubled by anxiety''; ''irritable''; ''sad or depressed''; ''lonely'') of the CONOR-MHI were directly correlated with high seasonality, while the two positive statements (''secure and calm''; ''happy and optimistic'') were inversely related to high seasonality. For some of the negative items, the odds ratios were closer to one for the category ''Very'' than ''Quite a bit''. However, the differences between these categories were not significant as the numbers of subjects in the most extremely distressed subjects were relatively few. In the multivariate analysis, five items remained significant predictor variables of high GSS, that is ''Secure and calm'', ''Irritable'', ''Happy and optimistic'', ''Sad/depressed'' and ''Lonely''.
Seasonality related to affective symptomatology
Discussion
Our study is the largest investigation of seasonality to be reported. Many of the subjects reported a major effect of seasons on mood and behaviour, about a fifth of the subjects reporting a high seasonality (GSS ‡ (11), and an additional fifth reporting a moderate seasonality (GSS 8-10). Female gender, low annual income, low education level and being single were all independently correlated with high seasonality. Though mean GSS was significantly higher among subjects living in rural than urban areas, this factor was not found to be an independent determinant of high seasonality. Compared with earlier studies comparing SAD-prevalence between men and women, the difference in seasonality between men and women found in the present study was relatively small [3, 7, 10] . Although statistical significant, the clinical importance of such a discrete difference in GSS is possibly of minor importance. Nonetheless, we did not investigate SAD, but degree of seasonal changes independent of how distressed subjects feel by these changes. A speculative explanation to the difference between GSS and SAD prevalence could be that women are more distressed than men by similar levels of seasonality. We found a higher prevalence of high seasonality among respondents with low annual income and low education. This was somewhat surprising, since in earlier studies where a correlation between SAD and socioeconomic state has been found, SAD was most prevalent among persons with high annual income and education [19] . A plausible but speculative explanation could be that seasonal variation is a greater burden for subjects at work than unemployed persons, and that the burden among workers is greatest for those having a demanding job. Conversely, it is possible that people experiencing high seasonality have less chance of choosing a long education or seeking a demanding job. However, the use of bright light therapy against unwanted seasonality has gained popularity the latter years, and this may have influenced our results.
For men, we found a lower prevalence of high seasonality in married or cohabiting subjects than others, which is consistent with previous studies [7, 11] . However, the association was weak in our study.
We also found a correlation between high GSS and degree of affective symptoms not necessarily affected by seasons. Previous research has already reported that subjects with SAD experience a higher prevalence of psychiatric comorbidity, especially anxiety disorders [20] and personality disorders [21] . Psychiatric comorbidity is an interesting and clinically important aspect of seasonality, as it may influence both the clinical picture and treatment outcome by light therapy [22] . Though very interesting, it is beyond the scope of the current study to fully explore correlations between seasonality and non-seasonal affective disorders.
Use of the GSS questionnaire
In this study, the reported GSS was affected by the month of completion of the questionnaire. The measured GSS was lowest for participants completing the questionnaire in fall months and highest when the questionnaire was completed in the late winter and spring months. When comparing demographic characteristics in different months, we found a higher percentage living in urban areas among subjects filling in the questionnaire in late summer. As living area was not found to correlate significantly with seasonality, this could not explain why GSS differed with the month of completion.
The effect of month of completion has been emphasized in earlier studies. In a study by Mersch et al. (1999) , SPAQ was sent to 200 subjects every month through the year. They compared GSS from questionnaires answered during December through May with those answered in June through November, and found mean GSS to be lower in the latter period. However, estimated SAD prevalence did not differ considerably because the complete SPAQ includes other questions not affected by seasons to the same extent [7] . Broman and Hetta (1998) had similar findings in their study, where SPAQ was sent to 601 persons in February and 594 persons in August. Mean GSS was higher in February, although estimated SAD prevalence was almost equal in February and August [23] . In contrast, Lund and Hansen (2001) reported a seasonal difference in both mean GSS and SAD prevalence estimation in a study among 200 subjects living in northern Norway. The subjects answered SPAQ in March, June, September and January. The estimated SAD prevalence peaked in March (14.4%) and was lowest in September (5.6%). They concluded that seasonal effects must be taken into account when SPAQ is used for comparison between populations in different geographic areas [24] . Ideally, seasonality reported using the GSS questionnaire should not differ due to month of completion, as seasonality is not confined to any certain period of the year. This effect can thus be regarded as a misclassification bias, and should be borne in mind when evaluating prevalence estimates based on the GSS questionnaire.
Since most of our participants (57%) answered the GSS questionnaire in late winter and spring, the overall seasonality might be slightly overestimated in this study.
As mentioned in the results section, month of completion also modified the effect of gender on high seasonality, as the odds ratio between men and women varied between different months. It is difficult to directly measure this effect modification in relation to our results, however, difference between men and women might have been slightly underestimated since few subjects answered the questionnaire in August (Figure 2) .
The test-retest reliability of the global seasonality score varies between studies and samples, ranging from 0.44 in s-SAD samples and 0.61 in non-seasonal subjects to 0.80 in SAD samples [3, 6] . The GSS is most reliable in extreme samples (subjects with SAD or no seasonality) than among subjects with sub-SAD. Recently, Christensen et al. (2003) found the test-retest reliability to be acceptable between two consecutive years, but it decreased notably as the interval period was longer [25] . The internal consistency of the GSS was investigated by Magnusson et al. (1997) . They concluded that the six items in the questionnaire acted synergistically to measure the underlying concept [26] .
Limitations
There were a considerable number of non-attendants in this study, as 43% of invited men and 30% of invited women did not attend the screening station. Hansen et al. (2001) compared attendants with nonattendants in a similar health study in Northern Norway [27] . He found psychiatric disorders to be more than twice more common among non-attendants than attendants, though differences in the prevalence between men and women and between marital statuses were shown to be quite robust despite the effect of non-attendance. Since seasonality is associated with psychiatric disorders, we may assume that for the current study, prevalence estimates of seasonality are generally higher in non-attendants, whereas the effects of sex, marital status and other demographic factors are more reliable.
In the present study, we did not investigate which months the subjects experienced most changes in mood and behaviour. Recently, summer-SAD has been described, where symptoms are worse in the summer, contrasting winter-SAD. Nonetheless, considering the effect of month of completion discussed above, we can assume that most of the participants reporting seasonal changes experience most symptoms during winter months. In addition, summer-SAD has been shown to be far less prevalent than winter-SAD in northern latitudes [28] .
Conclusions
In this study, we found high seasonality to be most prevalent among females, being single, having a low annual income and a low education level. The latter two findings are different from expectations which could be drawn from previous studies suggesting an opposite association. We also found a correlation between high seasonality and reports of affective symptomatology.
Furthermore, the month of completion of the GSS questionnaire should be taken into account when evaluating the results from epidemiological studies, and future modifications of the SPAQ should aim at eliminating this effect.
